Subjects. Among the patients of Watanabe Hospital, Haranomachi, Fukushima Prefecture, who received head CT examinations 1,045 cases (526 males, 529 females) were judged to be free from any brain damage due to congenital, cerebrovascular or neoplastic diseases. The scans of those 1,045 subjects were analyzed.
Measurement of brain atrophy. The technique for measuring brain atrophy with x-ray CT was developed and previously described in detail by us (Takeda and Matsuzawa 1984) . The mean CT number for bone was over 100; for brain tissue, 19 to 100; for cerebrospinal fluid, under 19. The volumes of cranial cavity and cerebrospinal fluid space volume were calculated as follows :
Cranial cavity volume= (number of all pixels of which CT numbers are over 100) X pixel size.
Cerebrospinal fluid space volume (number of all pixels of which CT numbers are under 19) X pixel size.
Pixel size =1.0 X 1.0 X 10.0 mm3. The extent of brain atrophy was expressed as brain atrophy index (BAT): BAT (%) = 100 (%) X (cerebrospinal fluid space volume/cranial cavity volume).
RESULTS
In males 30-39 years of age, the mean BAT was 0.2% lower (p <0.001) than that in their twenties with no significant difference in standard deviation (s.D.) between the two decades ( Table 3 , Figs. 1, 3) . In males 40-49 years of age, the mean BAT was 1.0% greater (p < 0.001) and the S.D. was 1.1% greater (p < 0.001) than those in their thirties. In males 50-59 years of age, the mean BAT was 0.8% Volumes of the cranial cavity (ml) greater (p <0.01) and the s.D. was 0.4% greater (p <0.05) than those in their forties. In males 60-69 years of age, the mean BAT was 1.8% greater (p <0.001) than that in their fifties with no significant difference in s.D. between the two decades. In males 70-79 years of age, the mean BAT was 2.5% greater (p <0.001) than that in their sixties with no significant difference in s.D. In males 80-89 years of age, the mean BAT was 2.9% greater (p <0.05) and the s.D. was 2.0% greater (p <0.005) than those in their seventies.
In females 40-49 years of age, the mean BAT was 0.5% greater (p <0.001) than that in their thirties with no statistically significant difference in s.D. (Table  4 , Figs. 2, 3 ). In females 50-59 years of age, the mean BAT was 1.0% greater (p < 0.001) and the s.D. of BAT was 0.6% greater (p <0.001) than those in their forties. In females 60-69 years of age, the mean BAT was 1.4% greater (p <0.01) and the s.D. was 0.5% greater (p <0.005) than those in their fifties. In females 70-79 years of age, the mean BAT was 2.4% greater (p <0.001) and the s.D, was 0.6% greater (p <0.025)than those in their sixties. In females 80-89 years of age, the mean BAT was 3.4% greater (p <0.02) and the s.D. was 0.8% greater (p <0.05) than those in their seventies.
The means of BAT were always greater in males than in females with statistical significance except for patients 80-89 years of age (Table 5, Fig. 3 ). The differences in mean BAT between sexes were 0.2% in teenagers, 0.6% in the twenties, 0.4% in the thirties, 0.9% in the forties, 0.7% in the fifties, 1.1% in the The logarithm of BAT appeared to be constant in both sexes before thirties, and there was no statistically significant correlation between the log (BAT) and age (Figs. l-3) . From the point of intersection of two regression lines before and after thirties (Figs. l-3) , it was calculated that the minimum in the BAT was reached at about 35 years in males and 37 years in females. After thirties the logarithm of BAT increased proportionally with the increasing age in both sexes. Log (BAT) 0.0155 X age (years) -0.289, and correlation coefficient was 0.702 in males (p<0.001, n = 471, Fig. 1 ). Log ( BAI) = 0.0173 x age (years)-0.492, and correlation coefficient was 0.721 in females (p <0.001, n =480, Fig. 2 ). Therefore the BAT was doubled in 19.4 years in males and 17.4 years in females after thirties. Althouth the increase in BAT appeared to be faster in females than in males, there was no statistical significance between the two regression coefficients in both sexes. We calculated the average value of BAT from the regression line and introduced the term "brain quotient (BQ)" in a sense analogous to that of the intelligence Fig .1 . Relation between BAT and age in males. Before thirties the logarithm of BAT appeared to be constant : log (BAT) _ -0 .00186 x age (years) +0.320. Correlation coefficient was -0 .08 (NS, n =114).
After thirties the logarithm of BAT increased proportionally to the increasing age: log (BAT) 0.0155 X age (years)-0.289.
Correlation coefficient was 0.702 (p <0.001, n=471). Therefore the BAT was doubled in 19.4 years after thirties. quotient (IQ) (Wechsler 1958 ) : BQ=100+(BAI of a subject-mean BAT at the subject's age) >< 15/(s.D. of BAT at the subject's age group). From the BQ we can easily diagnose abnormal atrophy of the brain. Before thirties the logarithm of BAT appeared to be constant: log (BAT) = -0 .00163 x age (years) +0.212.
Correlation coefficient was -0 .06 (NS, n -96).
After thirties the logarithm of BAT increased proportionally to the increasing age : log (BAT) = 0.0173 x age (years) -0.492. Correlation coefficient was 0.721 (p <0.001, n-480).
Therefore the BAT was doubled in 17.4 years after thirties.
DISCUSSION
Atrophy of the brain began with statistical significance in the forties in both sexes. In males the mean BAT increased by 1.0% and the s.n. increased by 1.1% from thirties to forties. In males the mean BAT increased by 0.8% and the s.n. increased only by 0.4% from forties to fifties. In males the mean BAT increased more and more after fifties, but there were no statistical significances between the s.n.'s of each neighboring age groups except for patients after seventies. It was Fig .3 . Age-related change in means and standard deviations of BAIs. Log (BAT) began to increase with statistical significance after forties in both sexes.
apparent from these results that in a considerable number of men in forties brain atrophy begins. Although the progress of brain atrophy slowed down temporarily in fifties, it was increasingly severe with little individual variations until eighties.
In females the mean BAT increased only by 0.5% from thirties to forties with no statistical significances of the s.D.'s. After forties not only the means but also the s.D.'s of BAT increased more and more, but in a different way from males. From these results increasing numbers of female population after forties were subjected to the atrophy of the brain with aging, but there appeared to be no especially susceptible age for brain atrophy as seen in the males in forties.
From the point of intersection of two regression lines before and after thirties (Figs. 1-3) . the brain might begin to undergo atrophy as early as in the thirties in both sexes. After thirties the BAT increased exactly exponentially with the increasing age in both sexes and the BAT was doubled in 19.4 years in males and 17.4 years in females. From these results the velocity of atrophy process of the brain increased with increasing age more rapidly in females than in males, although the means of BAIs were always greater in males than in females with statistical significances except for patients in eighties. Brain atrophy has been quantitatively estimated in pathological preparations after patients' death by many authors (Minoshima T967; Tomlinson et al. 1970 ), but there were vast variations among these data on the age-related atrophy of the brain. We exactly calculated the brain volumes using x-ray CT and found that brain atrophy progressed with aging after thirties as if it followed a course predicted by the Gompertzian equation. From these results the central nervous tissue cells die in the same way as the human population with aging.
Although the causes of senile dementia and Alzheimer's disease have not been elucidated yet, the common pathological changes are severe atrophy in these patients (de Leon and George 1983). According to our results brain atrophy progressed exponentially with the increasing age even in patients with no neurological changes. But severe brain atrophy may be one of the causes of the dementia. If the causes of senile atrophy of the brain are elucidated, a clue can be found that will lead the way to the treatment of these dementias. The preference for females to males in these dementias is consistent with the results that brain atrophy progressed more rapidly in females than in males.
